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Introduction

Since 1971, six geochemlcal exploration reference samples have been sent 
to over 600 International laboratories by the United States Geological 
Survey. As of April, 1987, 146 laboratories have reported their analytical 
results to us. This report summarizes the data (table 3) which has amounted 
to approximately 25,000 determinations of concentration, for 91 elements and 
or oxides, and 34 categories of analytical methods.

In 1974, Allcott and Lakln concluded the reference samples to be 
homogeneous within the limits of the variance expected for the methods used. 
Their report left the goal to establish Interlaboratory variance, based on 
various methods and sample treatments. This report deals with that goal and 
aids Individual laboratories 1n comparing their results with those of other 
laboratories.

Description of the geocheaical exploration reference sanples

For the convenience of the reader the description of the reference 
samples and method of preparation originally published by Allcott and Lakin 
(1974) are given below:

Geochenical exploration reference sa»ple one (GXR 1)

The sample was collected from the Drum Mountains, Juab County, Utah, by 
J. H. McCarthy, Jr. The Drum Mountains are a typical faulted range of the 
Basin and Range province of the southwestern United States. Gold, copper, and 
manganese deposits have been mined 1n the area. This sample is a composite of 
three samples from two outcrops of jasperold "reefs" in Cambrian limestone. 
The jasperold "reefs" range from crystalline to cryptocrystalUne in internal 
structure and from gray to reddish brown in color.

Geochenical exploration reference sample two (GXR 2)

The sample was collected from the Park City mining district, Summit 
County, Utah, by J. H. McCarthy, Jr. The Park City mining district on the 
eastern slope of the Wasatch Range has produced lead, zinc, silver, and copper 
from fissure veins and from replacements in limestone. The sample is a 
composite of residual, gray-brown loams (Munsell color chart 5/2 of hue 10YR) 
from four sites along a line approximately 0.8 km long. The shallow soil 
varies from 18 to 30 cm in depth and overlies a thick-bedded Weber Quartzite 
of Pennsylvanian age.

Geochenical exploration reference sa»ple three (GXR 3)

The sample was collected from a hot-spring deposit in Humboldt County, 
Nevada, by S. P. Marsh. Tungsten was produced from these deposits during the 
1940's. It is a composite of red-brown to black, earthy, Fe-Mn-rich material, 
cementing and replacing coarse alluvium on a bedrock surface of intensely 
deformed phyllitic shale of the Preble Formation of Cambrian age. Calcareous 
tufa commonly caps the mineralized material.



Geochemical exploration reference saaple four (GXR 4)

The sample was furnished by Kennecott Copper Corporation from their mine 
1n Utah. It 1s a mill head sample of unoxldlzed porphyry copper ore composed 
primarily of quartz and feldspar with minor amounts of andradlte garnet, 
blotlte, muscov1te-1H1te, and sulflde minerals.

Geochealcal exploration reference saaple five (GXR 5)

The sample was collected from Somerset County, Maine, an area subjected 
to continental glaclatlon during the Pleistocene, by F. C. Canney. It 1s a 
composite from three sample sites of the B zone of moderately well developed 
podzol soils formed on a thin (<lm) basal glacial till. The bedrock 
underlying the collection sites 1s: (1) a highly silicifled and serlcltlzed 
quartz monzonlte containing abundant disseminated chalcopyrite, molybdenite, 
and pyrlte; (2) a mineralized norlte containing abundant pyrrhotite, and minor 
chalcopyrite and pent land He; and (3) peri dot He and altered norlte containing 
abundant pyrrhotite, chalcopyrite, and pentlandHe.

Geocheaical exploration reference saaple six (GXR 6)

The sample was collected from Oavidson County, North Carolina, an area 
once active in gold and base-metal mining, by Henry Bell and A. A. Stromquist. 
It is a composite of three samples, obtained at depths of 15-45 cm, of 
residual, B-zone, yellowish-red (Munsell color chart 5/8 of hue SYR) soil. 
Two samples are from within the Silver Hill-Gold Hill fault shear zone, where 
the soils are derived from sericitized mudstone and phyllite that are slightly 
anomalous in lead, zinc, silver, copper, barium, and molybdenum. The third 
sample of the composite is from a cross shear, underlain in part by rhyolitic 
rock and in part by andesitlc basalt, which here are slightly anomalous in 
arsenic and gold.

Preparation of the samples

The first step in the preparation of the samples to be used for analysis 
was to reduce the particle size of the six approximately 450-kg bulk 
samples. It was desirable to reduce the sample to 100% minus 200-mesh, 
because It was shown by Smith et al. (1929) that a uniform sample that has 
been ground to pass a 200-mesh sieve cannot be made heterogeneous by jarring 
or by vibrational storage conditions, regardless of the difference in the 
density of the components. The bulk rock samples were crushed to pass a 5- 
mesh sieve. The bulk soil samples were passed through a 10-mesh sieve, and 
the plus 10-mesh fraction discarded. Each of the six bulk samples was then 
ground for 12 hours in an aluminum oxide ceramic-lined mill with aluminum 
oxide ceramic balls. During this period the sample was heated by friction to 
temperatures between 80° and 90°C, which may have caused a partial loss of 
some volatile elements. After opening, the mill was run an additional 1.5 
hours to dump the sample into a receiving hopper. A wet mechanical analysis 
of each of the milled samples demonstrated that over 97% of every sample had 
been ground to pass a 44-y (325-mesh) opening.

The second step in the sample preparation was the partitioning of the 
bulk sample into subsamples. Drums of about 45-kg capacity were filled from 
the receiving hopper, and the order in which the 80-g bottles were filled from 
the drum was recorded. Each of the bottles in an ordered set of bottles was 
assigned a random number using a permutation of numbers from one to the total 
number of bottles for each milled sample.



Remarks

The origin of laboratory data 1s kept confidential and though the 
participating laboratories are listed (alphabetically by city 1n table 4), no 
key 1s given to Identify the source of any specific data. The Individual 
listed might not necessarily be the analyst. The laboratory data were 
entered, as reported, Into a computer to generate some basic statistical 
summaries. The statistical package discarded all qualified data 1n 
calculating the arithmetic mean.

A basic problem arises 1n applying traditional statistical packages to 
exploration geochemical data. We are more concerned with trend and relative 
values than absolutes. Individual methods may have a wide range of acceptable 
variation Inherent 1n the technique. For example, the sem1quant1tative 
spectrographic technique, as originally developed by Meyers and others (1961), 
has an expected coefficient of variation of about 50% when reading one-third* 
order Intervals. In F. N. Ward's (oral communication, 1974) opinion to 
Allcott and Lakln (1974), coefficients of variation for colorimetrlc methods 
may acceptably range from 5 to 30% for a particular metal. Atomic absorption 
has varying ranges according to the element analyzed and the level of 
concentration. Please keep this in mind when reviewing table 3.

As Flanagan (1986) related, some scientists eliminate outliers despite 
warnings of statisticians. For the purpose of this report outliers were 
retained. Because of the possibility 1n misplaced decimal points or error in 
transcribing data, outlier values were checked. Standard deviations, and 
therefore coefficient of variation, for some constituents were calculated from 
populations of less than six. Consequently, proper evaluation of precision 
cannot be obtained using such small populations. Some bias may have occurred 
when one laboratory submitted more data than another.

Explanation of the statistical sunary (Table 3)

Table 3 lists the statistical summaries for the six geochemical 
exploration reference samples. The data are arranged so the column headings 
describe the method of analysis and digestion. The abbreviations used in the 
headings are explained in tables 1 and 2.

The measure of central tendency used is the arithmetic mean with only 
unqualified data used in the calculation. The means shown should not be 
interpreted as establishing an absolute concentration. Also, the number of 
determinations reported does not count qualified values. Qualified data 
appear under table 3 in the row labeled "N, L, G." The letter "N" Indicates a 
given element was looked for but not detected at the lower limit of 
determination. The letter "L" Indicates the element was observed but below 
the lowest reporting value. The letter "G" Indicates the element was above 
the highest reporting value. The numbers associated with "N, L, G" reflect 
the number of times a not detected, less than, or greater than value was 
recorded. These are not the concentration values. If an element was not 
looked for in a sample, a dash (-) is entered in place of an analytical 
value. A dash would also signify no reported values 1n the "N, L, G" row or 
inadequate data to generate the mean, standard deviation, or coefficient of 
variation. Because of the formatting used 1n the computer program that 
produced table 3, elements listed carry one or more nonsignificant digits.
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Table 1. Abbreviations used for the Method of analysis

Code Analysis

AA Atomic absorption spectrophotometry

FAA Flameless atomic absorption

FAAH Flameless atomic absorption, hydride generation

FAAG Flameless atomic absorption, graphite furnace

FAAV Flameless atomic absorption, cold vapor

COLO Colorimetry, UV + IR spectrophotometry, paper chromatography

DCP Direct-current plasma emission spectrometry

DNA Delayed neutron activation

EMS D-C arc emission spectrometry

FMS Flame emission spectrometry

FLUR Fluorometry

GRAV Gravimetry

ICPE Inductively coupled plasma emission

ISE Ion selective electrode

MICR Electron microprobe

MS Mass spectrometry

NAA Neutron activation analysis

TITR Titrimetry, volumetric

XRF X-ray fluorescence spectrometry



Table 2. -Abbreviations used for the Method of digestion

Code Decomposition of samples with acids, 
by fusion, or other means

1, 01
2
3
4
5

6
7

8
9
10
11
12
13
14

15
16
17
18
19
20
21
22
23
24

Mixture of

Mixture of
Mixture of
Mixture of
Mixture of
Mixture of
Mixture of
Mixture of
Mixture of
Mixture of
Mixture of

HC1
HBr
HF
HN03

nitric + hydrochloric acid
HC104

HN03 and HC104
HF, HN03 , HC104 , and HC1
HF, HN03 , and HC1
HF, HN03> and HC104
HF and HN03
HF and HC104
HF and HC1
HN03 , HC1, and HC104
HN0 3 , HC1, and KC104
HN03 and HgN03

Ammonium citrate cold extraction

Carbonates

H2S04
KCN
DORE 1 BEAD

(NaC03 , NaKC03 , NaKC03 , NaHC03 , K2C03 )
Alkaline hydroxides (NaOH, KOH)
Sodium tetraborate (also borax, NaF, LiF, Li metaborate)
Hydrogen sijlphate or pyrosulfate (NaHSO*, KHS04 , NaoSo07 ,
	K2S20? )

25 NH4N03 , KN03

26 Peroxides
27 EDTA (ethylene diamine tetra acetic acid)
28 Volatilization by heating with ammonium halides
29 Thermal generation
30 Pressed pellets
31 A1C1 3
32 Unidentified method
33 Potassium permanganate
34 MgO
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Table 4. Laboratories furnishing data listed In 
statistical summary of geochemical data

Dr. G. H. Friedrich, D. Menz, & G. Kraft 
Abtellung for Angewandte Lagerstattenlehre 
Technische Hochschule Aachen 
Aachen 51, West Germany

John S. Tooms, Project Mgr.
Imperial Ethiopian Geological Ministry of Mines
P.O. Box 486
Addis Ababa, Ethiopia

I. G. Faulks, Senior Geologist
Mobile Caravan, South Australia Dept. of Mines
169 Rundle Street
Adelaide, South Australia

Dr. Thomas R. Henderson, Laboratory Director
Albuquerque Assay Lab.
4115 Silver SE
Albuquerque, New Mexico 87108

Col in Meads, Lab. Manager
SGS Australia PTY Limited
74 McEvoy Street
Alexandria, N.S.W. 2015, Australia

Dr. Larry Bramlett, Research Chemist 
U.S. Borax Research 
412 Crescent Way 
Anaheim, California 92801

Philip L. Strong, Senior Research Chemist 
U.S. Borax Research Corporation 
412 Crescent Way 
Anaheim, California 92801

A. de Grys, Geochemist 
Aydin UNDP Project 
c/o UNDP, P.K. 407 
Ankara, Turkey

Dr. Sadrettin Alpan, General Director
M.T.A. Laboratories    
Maden Tetkik ve Arama Enstitusu (Mineral Research & Exploration Institute)
Ankara, Turkey

Dr. H. L. Ong, Managing Director, P. T. Geoservices (Ltd.) 
Geochemical, Mineralogical & Palaeontological Laboratories 
Jl. Setiabudi 63 
Bandung, Indonesia
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Table 4.  Continued

J. F. Osborne, Soil Chemist, UK Technical Co-operation Officer 
Soil Analysis Division, Dept. of Land Development 
Phaholyothin Road, Bangkhen 
Bangkok, 10900, Thailand

Dr. Xie Xuejing
Geochemical Section, Institute of Geophysical Prospecting 
The Chinese Academy of Geological Sciences 
Beiwanzhuang, Beijing, The People's Republic of China

Marlene Parker, Supv. of Analytical Development 
Freeport Minerals, Research & Development Lab 
P.O.B. 26 
Belle chasse, Louisiana 70037

Dr. T. H. Puersten, Chief Chemist 
Falconbridge (Australia) Pty. Ltd. Lab. 
5 Camden Street 
Belmont Western Australia 6104

Daisy 0. Lima, M. Cavalcante & C. V. Dutra
Geologia e Sondages Ltda.
Rua Aimores 200
Belo Horizonte, Minas Gerais, Brazil

W. K. L. Thomas
Programa de Las Naciones Unidas Para el Desarrollo 
Calle 37 No. 8 47, Piso 11, Apartado Acreo 3868 
Bogota, Colombia

D. D. Runnells, Professor/Dr. R. R. Meglen, Research Chemist 
Analytical Lab, Molybdenum Project 
Geology 310, University of Colorado 
Boulder, Colorado 80302

Dr. P. S. Linhares, Chefe do Departamento 01 
Universidade Federal Da Bahia, Institute De Geosciencias 
Departamento 01 
Brazil

Joel Etoubleau
Centre Oceanologique de Bretagne 
29N Plouzane, Boite Postale 337 
Brest Cedex, Republique Francaise

Dr. H. A. Olszowy
Government Chemical Laboratory
William Street
Brisbane, Q4000, Australia
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Table 4. Continued

Dr. R. V. Schulz, Geocheraist
Carpentaria Exploration Co. P/L, 15th Floor, M.I.M. Bldg.
160 Ann Street
Brisbane, Queensland, Australia

Gerald A. Moorhead, Project Mgr.
Mineral Exploration in the Northwest Region
ARG-35, c/o UNDP Resident Representative, Correo Central 2257
Buenos Aires, Argentina

Dr. Soeharto Oeraar, Chemist 
Geological Survey of Indonesia 
Djalan Diponegoro 57 Bandung 
Cable KDG 
Bandung, Indonesia

Dr. Loring Mclsaac, General Mgr. 
Loring Laboratories Ltd. 
629 Beaverdam Rd. N.E. 
Calgary 67, Alberta, Canada

Gary Smith, District Geologist
Callahan Mining Corporation, Chemex Labs (Alberta) Ltd.
2021-41 Ave. NE
Calgary, Alberta, Canada T2E-6P2

Oliver M. Fordham, Jr., Chemist 
Virginia Div. of Mineral Resources 
Box 3667 
Charlottesville, Va. 22903

Donald W. Foss, Senior Geochemist 
North American Exploration, Inc. 
P.O. Box 5584 
Charlottesville, Virginia 22903

Cardoso da Fonseca E.
Geochemical Laboratory UNDP/DAH 68-504, United Nations Development Programme
P.O. Box 506
Cotonou, Dahomey

J. W. van der Kamp, Lecturer 
Gebouw Voor Mijnbouwkunde 
Mijnbouwstraat 20 
Delft, The Netherlands

Dr. G. S. Roonwall, Reader-in-Geology 
Dept. of Geology 
University of Delhi 
Delhi, 110 007, India
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Table 4. Continued

L. A. Bradley
Branch of Geochemistry, U.S. Geological Survey
Box 25046, Denver Federal Center
Denver, Colorado 80225

Mr. John Watterson
Branch of Geochemistry, U.S. Geological Survey
Box 25046, Denver Federal Center
Denver, Colorado 80225

Raymond G. Havens
U.S. Geological Survey
Denver Federal Center, Building 25
Denver, Colorado 80225

T. T. Chao
Branch of Geochemistry, U.S. Geological Survey
Box 25046, Denver Federal Center
Denver, Colorado 80225

Walter E. Hill, Jr., Chief Chemist 
Amax Exploration 
P.O. Box "C", Belmar Station 
Denver, Colorado 80226

J. H. Opdebeuk, Vice-President of Operations
X-ray Assay Laboratories Ltd.
1885 Leslie Street
Don Mills, Ontario, Canada MSB 3J4

Ms. Marjorie Duggan 
Western Exploration 
Phelps Dodge Corporation 
Douglas, Arizona 85607

Paula Ylenin (MS.)
Helsinki University of Technology, Department of Chemistry
SF 02150
Espoo 15, Finland

Professor John W. Murray
Dept. of Geology, The University of Exeter
North Park Road
Exeter, EX4 4QE, United Kingdom

Amy Clark, Control Chemist
Mobile Oil Corporation, Ferndale Refinery - Laboratory
3901 Unick Road
Ferndale, Washington 98248
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Table 4. Continued

Dr. T. G. Davenport, Exploration Geochemistry 
R.C.L. Shashe Laboratory 
P.O. Box 34 
Francistown, Botswana

G. J. S. Govett, Professor 
Geology Dept.
University of New Brunswick 
Fredericton, New Brunswick, Canada

David Maddox, Chemist 
First Miss. Inc. 
P.O.B. 328 
Ft. Madison, Iowa 52627

M. A. Baksh, Chemist & A. Z. Gedeon 
Chemical Lab., Geological Survey & Mines Dept, 
P.O. Box 1028 
Georgetown, Guyana

Caoimain Connell 
Hazen Research 
4601 Indiana 
Golden, CO 80401

Douglas Weed
GX Labs., Inc.
16948 South Golden Rd.
Golden, Colorado 80401

Dr. J. R. Ellis & L. J. Higgins
U.S.A.E.G.
Redlands
Grand Junction, Colorado 81501

William Melanson, Technologist 
Nova Scotia Technical College 
P.O. Box 1000 (Chemical Dept.) 
Halifax, Nova Scotia, Canada

Dr. R. E. Stanton, Senior Chemist 
Hunting Surveys & Consultants Ltd. 
Elstree Way, Boreham Wood 
Herts, England

P. Robinson, Analyst
The University of Tasmania, Geology Dept.
G.P.O. Box 252C
Hobart, Tasmania 7001
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Malcolm E. Cox, Research Associate 
Hawaii Institute of Geophysics 
University of Hawaii 
Honolulu, Hawaii 96822

Dr. S. Sitaramayya, Professor 
Centre of Exploration Geophysics 
Osmania University 
Hyderabad - 500 007, A. P. India

Dr. Opamu Ujike
Mineral Deposits Department, Geological Survey of Japan
1-1-3 Higashi, Yatabe
Ibaraki, 305, Japan

Dr. R. Tess,adri
Institut fur Mineralogie und Petrographie
Der Universitat Innsbruck
Innsbruck, A6020, Austria

Leong Pak Cheong, Asst. Director (Geochemistry) 
Geological Survey 
P.O. Box 1015 
Ipoh, West Malaysia

Dr. P. V. Koval, A. P. Vinagradov, 
Institute of Geochemistry 
P.O.B. 701 
Irkutsk, U.S.S.R

Chia Kee Teck, Analytical Chemist 
The Analytical Laboratories (Pte) Ltd. 
No. 17, Jalan Lembah Kallang, 
Singapore 12

N. H. Bailey, Head of Analytical Section, Anglo American Research Laboratories
P.O. Box 106
Crown Mines
Johannesburg, South Africa

A. Knowles, Senior Chemist
Anaconda Australia Inc.
263 Forrest St.
Kalgoorlie, Western Australia 6430

P. C. Bottcher, Chief Analyst, Geochemical Laboratory 
Western Mining Corp. Ltd., Exploration Division 
P.O. Box 71 
Kalgoorlie, Western Australia 6430
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Norio Tono & Hayaji Goto 
Chemical Section, Geological Survey of Japan 
No. 135 Hisamoto-cho, Kawasaki-shi 
Kanagawa-ken, Japan

Mr. R. J. Finlayson
Analytical Chemistry Oept., University of NSW
P.O. Box 1
Kensington, NSW 2033, Australia

Dr. L. E. Smythe, Head School of Chemistry
The University of New South Wales
P.O. Box 1
Kensington, New South Wales 2033, Australia

Dr. R. Foster, L. Mes, & F. Dunphy 
Dept. of Geological Sciences 
Miller Hall, Queen's University 
Kingston, Ontario, Canada

P. L. Muthu, Consultant
Conzinc Riotinto Malaysia Sdn. Bhd., Bsnhunsn Hrysh Asli
P.O. Box 291
Kuala Lumpur, Malaysia

F. Berndt, Chemist 
UN-Mineral Exploration Project 
c/o UNDP, Casilla 686 
La Paz, Bolivia

Dr. E. L. Kothny, FA1C, Research Geochemist
Soil Search Lab.
P.O. Box 147
Lafayette, California 94549

Dan Berkabile, Chemist
Nevada Testing Laboratories, Ltd.
300 W. Boston
Las Vegas, Nevada 89102

L. G. Hutton, Senior Chemist 
Geological Survey Dept. 
Private Bag 14 
Lobatse, Botswana

Dr. M. Thompson, Senior Analyst
Applied Geochemistry, Royal School of Mines
Prince Consort Road
London SW 7, England
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F. I. Bradley,
Analytical and Ceramics Unit, Geochem. Division, Inst. of Geological Sciences
64-78 Gray's Inn Road
London WCIX 8NG, England

Dr. Ernest Gladney
Group H-8, MS 490, Los Alamos - Scientific Laboratory
P.O.B. 1663
Los Alamos, New Mexico 87545

Mr. Steve Stein
University of California, Los Alamos - Scientific Laboratory
P.O.B. 1663
Los Alamos, New Mexico 87544

C. W. Childs, Scientist 
Soil Bureau, DSIR 
Private Bag 
Lower Hutt, New Zealand

Dr. G. D. Matheson, Senior Petrologist 
Geological Survey 
P.O. Box R.W. 135 
Lusaka, Zambia

Anna Simonson, Chemist 
Mineralogical Institute, Building 204 
Technical University of Denmark 
Lyngby 2800, Denmark

G. A. Baird, Chief Chemist 
Australian Selection (Pty.) Ltd. 
14 Shirlow St. 
Marrickville, Australia 2204

Dr. H. Laszczyk, Supervising Chemist 
Northern Broken Hill Ltd. Moonta Exploration 
576 St. Kilda Road 
Melbourne, Victoria 3004, Australia

Dr. Richard W. Geddes 
Rotary Engineer's Lab. 
2910 W. Wall 
Midland, Texas 79701

Dr. P. J. Potts, Research Fellow
Department of Earth Sciences, The Open University
Walton Hall
Milton Keynes, MK7 6AA, United Kingdom
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A. Manson, Group Leader
International Nickel Co., J. Roy Gordon Research Lab,
Sheridan Park
Mississauga, Ontario, Canada

Mario E. Latowe, National Director 
Departamento Quimico Analitico 
Direccion Nacional de Mineria y Geologi 
Montevideo, Uraguay

Dr. G. R. Webber, Associate Professor
Dept. of Geological Sciences, McGill University
Box 6070
Montreal 101, Quebec, Canada

Carol Haddock, Chemist 
Geochemistry Lab., Dept. of Mines 
University of Idaho 
Moscow, Idaho 83843

N. T. McHugh
Works Chemist
Mount Isa, Queensland, Australia

A. D. Hill, Geologist
Hill 50 Gold Mine
P.O. Box 83
Mount Magnet, Western Australia 6638

Mr. Albert P. Marranzino
USAID/RIO/ENRN/USGS
APO
New York, New York 09676

Dr. Peter Rossbacher
Amax Exploration, Inc., Vancouver Geochem. Lab.
2225 Springer Avenue
North Burnaby, British Columbia, Canada

Paul Fredrickson, Asst. Lab Manager
Australian Coal Industry Research Laboratories Ltd.
14-30 Delhi Rd
North Ryde NSW, Australia

Dr. Ken Bright
Bondar-Clegg & Company Ltd.
1500 Pemberton Avenue
North Vancouver, British Columbia, Canada
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Sewell Millett, Lab. Mgr. 
Laboratory Services 
James W. Sewall Company 
Old Town, Maine 04468

Mr. R. Hulbaklien, Chief Chemist
Elkem-Spigervorket a/s, Christiania Spigerverk Nydalen 
P.O. Box 4224 
Oslo 4, Norway

Erna Kuusisio 
Geological Survey of

Finland 
Otaniemi 02150, Finland

H. Djawahir, Chief Chemist
RBI Geochemical Lab.
Kotak Pos 83
Padang, West Sumatra, Indonesia

Keith E. Burke, Chief Chemist 
Geologisch Myijnbouwkundige Dienst 
Kleine Waterstraat 2-6 
Paramaribo, Suriname, South America

M. F. Benedetti
Universite Pierre et Marie Curie 
4, Place Jussieu Tour 16-26 5e 
Paris Cedex, 75252, 05 France

L. G. Stevens
The Ralph M. Parsons Company, Mining and Metallurgical Division
100 W. Walnut Street
Pasadena, California 91124

Reiner Goguel, Scientist 
Chemistry Division, DSIR 
Private Bag 
Petone, New Zealand

Dr. D. Zacfomann     
Institut fur Geologic und Palaontologic, Technische Universitat 
33 Braunschweig 
Pockelsstra 4 (Hochhaus), West Germany

WvZ de Villiers
Nuclear Development Corp.
Private Bag X256
Pretoria, 0001, South Africa
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Dr. I. Roelandts, Minister de VEducation Nationale 
Universite de Liege, Geologie, Petrologie, et Geochimie 
B-4000 Sart-Tilman par Liege 
Province, E. Belgium

Dra. Rosario de Moreno, Laboratorio de Absorcion Atomica No. 2
Dirreccion General de Geologia-Ministerio de Recursos Naturales y Energeticos
Carrion #1016 y Paez
Quito, Ecuador

Veikko Sjoberg 
Head of Laboratory 
Rautaruukki Oy 
Raahe, Finland

Dr. Juha V. Huhta & B. Zitek
Geological Survey & Exploration Project, UNDP-DGSE
P.O. Box 650
Rangoon, Burma

Dan Golightly
U.S. Geological Survey
National Ctr. (MS 957) Emission Spec. Project
Reston, Virgina 22092

Varna N. A. Mello, Technical Assistant 
Lamin of C.P.R.M. 
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